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The student as facilitator 
A qualitative exploration of monitoring strategies used by µGRPLQDQW¶WHDP
members in PBL groups. 
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INTRODUCTION 
At present there is a concern that modern engineering graduates are beginning 
professional work without the necessary preparation; current educational practices are 
so far removed from the reality of industrial work that graduates have difficulty adapting 
[1]. Educational and industrial professionals have different opinions on what is 
important for working life, with academics focusing mainly on technical knowledge and 
often overlooking the QHHG WR GHYHORS VWXGHQWV¶ professional skills [2]. There are 
currently few opportunities for students to improve their entrepreneurial skills which 
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are necessary to help solve the global challenges facing industry in the twenty first 
century [3].  
Problem-based learning (PBL) has been adopted by engineering education as one 
method to LPSURYH VWXGHQWV¶ SHUIRUPDQFH DQG HQJDJHPHQW ZKLOH providing an 
environment for them to develop entrepreneurial competencies, e.g. problem-solving, 
teamwork and leadership. PBL IRUµSURIHVVLRQDODFWLRQ¶ is an authentic pedagogy which 
imitates a real-life working environment and gives students the responsibility for their 
own learning [4]. The existing body of research on PBL for skill development has so 
far utilised quantitative methodologies, investigating mainly the perceptions of 
students or the products of learning (e.g. assignments, reports or grades) rather than 
the processes involved in learning itself. In the last decade there has been a greater 
focus placed upon the interactions and group processes which occur during PBL or 
small group tutorials [5-7]. The work presented here adopts a novel approach using a 
qualitative method to analyse the behavioural characteristics of students when doing 
problem-VROYLQJWRXQGHUVWDQGµZKDWZRUNV¶ LQ3%/7KLVDLPs to inform educational 
practices on methods that can promote the development of professional skills in 
graduates.   
The theoretical background to this study is based on the social constructivist view of 
learning [8, 9]:KHUHOHDUQLQJLVJURXQGHGLQDQLQGLYLGXDO¶VH[SHULHQFHNQRZOHGJH
is uniquely constructed based upon these experiences and is influenced by the social 
environment. This is further built on through the concept of situated cognition which 
believes that learning is influenced not only from interactions with peers but it is also 
dependent on the context where it occurs [10]. This gives argument for learning 
environments to be closely linked to the situation in which the knowledge might need 
to be applied, e.g. problem-based learning. Focus on the social aspect of learning is 
something which has not been emphasised by previous researchers. Thus, this paper 
presents an investLJDWLRQLQWRµKRZ¶VWXGHQWVVROYHSUREOHPVLQDJURXS DQGµKRZ¶WKHLU
interactions impact on their learning process when the guidance of a tutor is limited. 
Specifically, in this paper we investigate instances when dominant students take on a 
leadership role in their PBL tutorials and further analyse the response this behaviour 
receives by peers. 
1 METHODS AND RESEARCH DESIGN 
1.1 Data Collection and Participant Recruitment 
The data reported on in this paper are from video recordings of third year 
undergraduate PBL sessions, collected from a core Chemical Engineering Design 
module, taught over two semesters, at a UK university from September 2016 - March 
2018. The purpose of collecting video footage is to gain close insight to the naturalistic 
interactions which take place in PBL tutorials with the intermittent presence of a tutor 
(a floating facilitator). This means that the researcher can continuously go back to the 
raw data and unlike traditional observations the data can be revisited to validate the 
analysis. Approximately fifty hours of data has been gathered and analysed for this 
ongoing study but only a portion of the results and analysis will be presented in this 
paper. The first stage in the process of PBL, when teams brainstorm a problem 
definition and decide on learning objectives, was analysed for this work.   
Ethical approval was obtained from the departmental committee before participants 
were recruited and filming commenced. Overall twenty-five third-year undergraduate 
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students, taking part in the design module, volunteered to participate in the study 
making up four small tutorial groups of 5-7 students (see Table 1). This is the first time 
students in these cohorts experience PBL. To provide anonymity all participants were 
given pseudonyms for the analysis.  
Table 1. Characteristics of participant student groups by academic year and formation method. 
Group No. of Students Academic Year Cohort Size Group formation 
1 7 2016-2017 136 Random 2 7 
3 5 2017-2018 150 Belbin Scores 4 6 
1.2 Data Analysis  
Studies which assess the success of PBL, for skill development, have traditionally 
employed a quantitative approach. Warnock and Mohammadi-Aragh (2015) 
conducted a case study based on student perceptions before and after taking part in 
a PBL led module [2]. However, the current study focuses RQ µKRZ¶ VWXGHQWVZRUN
collaboratively in order to describe the processes taking place during problem-solving 
which requires a qualitative approach. The advantage of this approach, using video 
recorded data, is that the behaviour and interactions which occur throughout this 
process can be examined in detail to gain insight into the techniques that students 
use. Imafuku and Bridges (2016) point out that there is a need for qualitative 
interactional investigations of PBL to strengthen the current corpus of research [5]. 
The data was examined using qualitative content analysis (QCA) to describe patterns 
ZKLFKHPHUJHLQWKHVWXGHQWV¶GLVFXVVLRQV [11]. This method requires the data to be 
transcribed verbatim so that the textual data can be coded. The transcripts were then 
collated and coded following a process outlined by Schreier (2012). The analysis for 
this work has been mostly data-driven, with codes emerging from the transcripts rather 
than being predetermined. The initial coding pass identified several techniques used 
by the students to help the team when formulating ideas and creating learning 
objectives during the initial phase of the PBL cycle (i.e. from brainstorming to 
formulation of learning objectives). Following this, a meta-analysis was completed to 
investigate relationships between the codes and the participants. This secondary 
DQDO\VLV KDV DOORZHG WKH UHVHDUFKHUV WR ORRN IXUWKHU LQWR µKRZ¶ WKese identified 
techniques are used in problem-based learning tutorials. One key discovery from this 
secondary analysis is outlined and thoroughly examined in this paper.  
2 RESULTS 
7KHSXUSRVHRIWKLVRULJLQDOVWXG\ZDVWRJDLQVRPHXQGHUVWDQGLQJRIµKRZ¶Vtudents 
approach problem solving as a group through analysis of the discussions which occur 
in their PBL sessions. A coding frame was reached using QCA to establish the 
conversational techniques used by students in the problem definition stage of PBL to 
create an action plan moving forward. Examples of these codes/techniques include 
implementing order to the session and making use of different resources such as the 
case material or the tutor. Further analysis was carried out to shed light on the 
interrelation of the codes with each other and the participants. This paper presents 
and discusses one phenomenon apparent in the secondary analysis and seen 
throughout the data corpus considering different student groups.  
One of the strategies for problem-solving, derived in the initial analysis (as per section 
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1.2), was the use of a µstructure¶; by identifying stages in the problem-solving process 
for which expectations of what needed to be achieved at each stage were clear. This 
was a method by which the groups monitored progress and prompted productivity. It 
often was implemented using specific words, from the PBL cycle (e.g. brainstorm, 
issues, problem definition etc.) which directed the discussion and reminded the team 
to reach a conclusion. Further investigation delving into the coding frame and focusing 
RQLQGLYLGXDOV¶LQWHUDFWLRQVZLWKLQWKHWHDPmade it clear that this structure, which is 
used to facilitate the PBL sessions, is primarily and continuously used by specific 
individuals within the team. These individuals often happen to be the most dominant 
team members as seen through high participation in the discourse. They appear to be 
acting as a substitute tutor or facilitator throughout the PBL sessions in the semester 
and not only in specific meetings. Even when groups had made a role rotation the 
dominant team members appear to take up the leadership role regularly. 
7R LOOXVWUDWH WKLV SKHQRPHQRQ WKUHH H[DPSOHV ZKHUH µGRPLQDQW¶ VWXGHQWV KDYH
exhibited this particular behaviour as shown below. The extracts selected illustrate 
how group members react to these attempts at facilitation. The first extract has been 
taken from group 3 when working on a case focused on the design of a heat exchanger 
which took place at the beginning of the module when the students were very new to 
the PBL process.   
Extract 1. Group 3 ± Heat exchanger -case number 3, Week 1. 
A-Aaron, R-Richard, C-Conor, E-Eva and J-Jamal
1. A: right so the big big situ- (0.3) the big picture is that
2. we're designing a heat exchanger
3. R: yeah
4. A: thats the problem
5. C: thats the problem
6. (5.0)
7. A: so they'll be a load of
8. E: so is this
9. A: problems underneath that which stop us doing that but the
10. main problem is
11. J: what does it mean by the 'temperature of the ammonia
12. dictated by the process side' does that mean is it
13. supposed to be size is that a typo or what is
14. E: µWKHLQOHWDQGRXWOHWWHPSHUDWXUHV¶DK,WKLQNLWPHDQV
15. whether or not its inlet or outlet cause if its inlet it
16. will be a different temperature
17. J: oh its talking about the side of the heat exchanger
18. E: I think so
Extract 1 shows how Aaron has tried to instigate the conversation about the case at 
hand. The group have had the new material for twenty minutes but so far have had 
extensive discussions about the module organisation and upcoming deadlines but 
have not addressed the case itself. Approximately thirty seconds prior to this excerpt 
$DURQDVNVWKHJURXS³VRZKDWVWKHSUREOHPOHWVGRWKDWILUVW´EXWWKHUHLVQRXptake 
by the other team members who continue their off-topic discussions. In line 1 (Extract 
1) we see Aaron proposing an answer to his earlier question with both Richard and
Conor acknowledging him in linfes 3 and 5 respectively. It seems that Aaron is not just
prompting the group to consider the meaning of the case, but he is determined to
establish a decision for the problem definition. He is not satisfied by the agreement of
Richard and Conor as he continues to justify his thoughts in lines 7, 9 and 10
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interrupting Eva (line 8) in the process. This extract provides evidence to suggest that 
this facilitation is not having the desired effect because the team is unresponsive to 
$DURQ¶VSURPSWV 
It is also noticeable that Jamal does not appear to have the same priorities as Aaron, 
in line 11-13 we see that Jamal swiftly moves the conversation to more specific details 
about the case itself. The need to follow the PBL cycle ± the seven steps ± is not 
reciprocated. Thus showing that there are two ways of approaching these cases, the 
first by following the PBL steps to establish an action plan and the second through 
delving deep into the content immediately attempting to solve the problem. This may 
VXJJHVW WKDW -DPDO LV QRW RQO\ LJQRULQJ $DURQ¶V SURPSWV EHFDXVH KH LV QRW WKH
prototypical leader but because they are working towards different goals.  
Similarly in Extract 2, an excerpt from group 1, shows them working on a case based 
on the design of a phase separator completed over half way through the module. It is 
interesting to notice the same behaviours occurring once the group have had some 
time to familiarise themselves with the PBL process as well as team members. 
Extract 2. Group 1 ± Separator case number 13, Week 14. 
A-Annie, C-Craig, La-Laura, S-Sharon, M-Molly and Li-Linzi
1. A: oh we have a new case (0.2) we should do that first 
2. La: mmhm
3. (6.0) ((A yawns))
4. A: what do we need to know about separators
5. (3.0)
6. A: oh whos writing
7. S: ,WKLQN,¶PZULWLQJEXW,¶OOFKHFN
8. A: oh yeah Linzi do you (.) want to be leader
9. C: ZHGRQ¶WXse our mass erm sorry mass separations stuff for this
10. (5.0)
11. A: oh
12. S: ,¶PZULWLQJ/DXUDLVOHDGHU
Extract 2 begins ZLWK$QQLH¶VVWDWHPHQWVWDUWLQJWKHQHZFDVHsix minutes after the 
team have received the case material but she receives no uptake from the team, see 
line 3. Annie again tries to instigate discussion in line 4 where she asks a more detailed 
question but is met with the same silence. Annie only achieves uptake from the group 
when she back tracks to different topic (i.e. roles) which does elicit a response from 
Sharon in line 7. It appears that the topic of role assignment is more acceptable than 
discussion of the case at this point in time. This is further confirmed when Craig poses 
another question in line 9 but Sharon responds, in line 12, to Annie instead. This shows 
WKDWPHPEHUVRIJURXSUHDFWVLPLODUO\WR$QQLH¶VSURPSWVDVJURXSGLGWR$DURQ
despite the group in this second extract being more familiar with the PBL process. In 
fact there are two team members who remain completely silent throughout the second 
extract, indicating their reluctance to join the conversation. It is interesting to note that 
in this instance Annie does prompt the team but she is less direct than Aaron, possibly 
because Aaron (in Extract 1) appears to be pushing the group to reach a decision 
whereas Annie (in Extract 2) is initiating a discussion. This suggests that it is not the 
ZD\LQZKLFKµGRPLQDQW¶VWXGHQWVfacilitate that makes team members resistant to it.  
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 Extract 3.Group 2 ± Material balances case number 9, Week 8. 
K-Katie, M-Matt, J-Josh, R-Ryan, O-Oliver, H-Hannah and Y-Yasmin
1. K: right can we do this 
2. ((group laughter))
3. M: yeah sorry (man)
4. ((unclear speech))
5. J: give problems
6. (0.2)
7. K: ULJKWOHW¶VDFWXDOO\ZULWHVRPHWKLQJ ± ((addressing Matt))
8. M: me
9. K: aha
10. M: yeah sure su-WKDW¶VZKDW,ZDVGRLQJULJKWQRZZDV
11. writing down stuff
12. K: okay
13. M: so emm I said that (1.0) for the (.) basic calculation sheet
14. VRWKLVSURMHFW¶VEDVHGRQDPPRQLDVR,VDLGWKHPDVV
15. EDODQFHVR,GRQHWKHVWRLFKLRPHWU\«
16. ((Matt continues to read out what he has written down))
17. K: ZHOOLW¶VQLFHRI\RXWRGRWKDWEXWQRZ,WKLQNZHVKRXOG
18. fill in the sheet
19. M: oh ok (.) oh this sheet
20. K: yeah
21. M: oh ok
Extract 3 is an example where this facilitation is in fact accepted and taken up by the 
rest of the team. It is from a video of group 2 midway through the module and is 
focused on material and energy balances, which are familiar concepts that have not 
been applied in this context previously. Extract 3 occurs 23 minutes after the case 
material has been given to the group and it immediately follows on from an off-topic 
conversation between two team members (Matt and Ryan). .DWLH LV WKH µGRPLQDQW¶
student and again she is encouraging the group to make progress. In line 1 she says 
³ULJKWFDQZHGRWKLV´ZKLFKLVan explicit statement trying to get the group on track but 
is met with laughter from the group suggesting they are not taking her seriously. She 
SHUVLVWVZLWKWKLVOLQHRIWKRXJKWUHSHDWLQJ³ULJKWOHWVDFWXDOO\ZULWHVRPHWKLQJ´LQOLQH 
specifically addressed to another team member, Matt. This is taken up by Matt in line 
8 and he then begins a long monologue, which has been cut short in this paper for the 
purpose of succinctness and explains what KH KDG DOUHDG\ EHHQ ³ZULWLQJ GRZQ´
Despite this extensive response to Katie¶s request she again tells Matt that was not 
actually what she had meant in the beginning. Eventually they reach a mutual 
understanding and Matt DFNQRZOHGJHV.DWLH¶VSURPSWVLQOLQe 19 and 21.  
This is a long sequence with persistent intervention from Katie to get Matt to fulfil his 
assigned role. This shows a deviant case compared to those in Extract 1 and Extract 
2 ZKHUH .DWLH¶V facilitation and policing of Matt appears to be necessary and 
acceptable, this is seen by his continued uptake and also by the rest of the group 
remaining quiet. None of the other group members either affiliate or disagree with 
Katie but remain neutral instead. At the beginning of the tutorial Katie identified Ryan 
as the leader for the upcoming session but then continually demonstrated leadership 
behaviour herself. This phenomenon has frequently been noticed to occur throughout 
the data corpus despite other team members having been assigned to assume the 
leadership role.  
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3 DISCUSSION AND CONCLUSION 
3.1 Analytical Summary 
7KURXJK WKH LQYHVWLJDWLRQ LQWR µKRZ¶ VWXGHQWV VROYH XQIDPLOLDU SUREOHPV LQ D PBL 
group, it is seen that students utilise the given PBL cycle to structure the session. The 
results shown here focused on exploring the fact that this µVWUXFWXUH¶ is put in place by 
only one or two students who are also most dominant within the team discussions but 
not necessarily appointed by the team or by an established rotation as leaders. We 
see that generally team members are resistant to this facilitation because it is often 
ignored. This might be because team members do not believe that only one person 
has the authority to take on only this leading role but should instead be contributing 
and joining in as part of the team. However there might be instances (i.e. Extract 3) 
when this type of leadership is necessary, for example when one student is not 
meeting the expectations of the group. This situation is much less frequently seen in 
the data corpus.  
It is known that having an order to the discussion can be useful because it allows the 
group to monitor progress, keep on track and gives them an immediate task to 
complete [12]. However, having only one student pushing the team to follow this 
structure can be counterproductive as the µGRPLQDQW¶VWXGHQW seems to be taking an 
authoritative role suggesting perhaps WKDWWKH\DUHµPRUHFDSDEOH¶WKDQWKHRWKHUWHDP
members. For this type of behaviour to be successful it would need to have group 
consensus.  
3.2 Practical Recommendations 
Leadership is important for students to develop but a shared leadership would be more 
productive and have a positive effect on group processes in PBL [13]. In this PBL 
context, where students are at the same level in knowledge and experience, the group 
PHPEHUVVKRXOGKDYHVKDUHGRZQHUVKLSRI WKH WHDP¶VSURJUHVVSHUIRUPDQFHDQG
leadership. By only one student taking on the facilitator role the other team members 
are missing out on valuable opportunities to develop their own leadership skills.  
Therefore in PBL practice more effort should be made to ensure that groups rotate 
leadership as to give each student the chance to practise managing a team. This could 
create a more comfortable atmosphere to encourage equal participation rather than 
having certain individuals dominate discussions. Similarly, students would benefit from 
support about managing participation when working in teams so that everyone can 
have a positive influence in the problem solving process. 
3.3 Limitations 
This study has only focused on one specific module that uses PBL where the students 
taking part have no previous experience with the pedagogy. One concern is that this 
does not give enough time and practice for learners to truly understand the process 
and fulfil their potential with PBL. This is particularly important as the PBL model used 
here is based on the tutor being present only intermittently consequently placing more 
emphasis in the group to manage their learning process from the beginning. Therefore 
it would also be useful to investigate students at other institutions and at different levels 
of their study. 
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